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1．Introduction
Therehasbeengrowlnginterestinirmovations5inwhichcreativeinventionsanddiscoveries
madeinawidevarietyof丘elds ofscienceandtechnologybringaboutchangeStO SOCiallifb
throughmarkets．AtendencylikethisisespeciallypronounCedininnovationsinscience－based
industries6（refbrredtoas“scienceinnovation”）．Oneofthereasonswhytherehasbeengrowing
interestisthat，aSareSultoftherapiddevelopmentofinformationteclm0logywithsemiconductor
technologyatthecore，COmPlexityhasbeenincreasingnotonlyforteclm0logybutformarketsas
Well．And such a tendencyis餌her accelerating due to people’s diversifiedand upgraded
preferencesbroughtonbyafnuence，andtheglobalizationofthewholeeconomy・
UnderthecircumStanCeSWherethecomplexityofthetechnologyandmarketisdrastically
increaslng，thereisanunaVOidabletendencyforspecializationtooccurbetweenpeopleengaglng
mainlyincreatingscienceknowledge（hereinafterrefbrredtoasknowledge）andthoseengagingin
utilizingsuchknowledge．Thisisbecausetherangeanddepthoftheknowledgeneededforcreation
andutilizationh・equentlygoesbeyondthelimitsofaparticularindividual’Sinformation－PrOCeSSlng
CaPability．Moreover，alongwiththeincreasingcomplexityandspecialtiesoftheknowledgetobe
Created，thelevelofdi瓜cultyinutilizingsuchknowledgeinanintegratedwaywillrapidlyriseat
noinferiorpace，aSisexemplifiedalsobytheincreaseoftheserviceeCOnOmy．
1ExperiencedlawthatthedegreeofintegrationofsemiconduCtOrdoublesintwoyearsorthreeyearsMoore，sLaw・
Certain G Moore，One OfIntelinitiators，advocatedit．Re臨r to加p：〟wW軋intel．com／teclm01ogy／mooreslaw／
index．htmfordetails．DRAMisabbreviationofDynamicRandomAccessMemory・
2Inwritingthispaper，WegOtlargesupportfromalotofsemiconductorresearchscientistsandenglneerSSuChas
Pro伝ssorHideoSunani（ResearChCenterforNanOdevicesandSystems，HiroshimaUniversity），Dr・KiyooItoh
（CentralResearchLaboratory，HitaChiLtd．Fellow），andDr．HideakiKhozu（formerChiefengineerofNEC）・We
WanttOeXPreSSOurgratitudetothemdeeplyonthisoccasion．Ofcourse，alltheblameOfthispaperbelongstothe
authoLAttheUSpatentanalysis，Weare．VeryindebtedtoMr・TbshiakiFukanoOVationalInstituteofScienceand
Tbchnology Policy）who had promlnent PrOfessional　technique　in　the software developrnent　for
Semiconductor－fhbricationequlpment．ItgoesalotintheUSpatentanalysisrelatedtothesemiconductorprocess
technologyinthetext．Inthatcase，rCbievalbykeywordoverthepatentfulltextwasdonebasedonadvicebythe
SpeCialistinthe semiconductorfield．The detailofthe method ofretrievalby keyword was omittedforthe
COnVenienceofspace．
3profbssorandAfnliatedDirector，InstituteofInnovationResearch，HitotsubashiUniversityandNationalInstitute
OfScienceandTbclm0logyPolicy
4Ⅵsitingresearcher，NationalInstituteofScienceandTbclm01ogyPolicy・FormerresearchdirectorofCentral
ResearChLaboratory，HitachiLtd．
5Inthisp叩er，theinnovationisde丘nedas Hcreativediscoveryandinventionthatcanbringthesociallifb
revolutionarychangeSthroughthemarketM．Therefore，theinnovationcontainsnotonlywhatachievedexpostbut
alsotheonewithbigpotentialpossibilityofachicvingthem・
6Thescience－basedindustryisanindustrysuchasthcsemiconductor，thepharmaceuticalS，andbiotechnology・In
thisindustry，aSCientincdiscoveriesandinventionstendtoberelateddirectlytoproducts．
2Asaresult，itbecomesquitecommonthattheknowledge－血ilizingspeeditselfbecomesa
Criticalcon鵬buting fhctorforinnovation．Thisis becauseunder such circumStanCeS，Papert’s
PrinCiple，ageneralprincipleofdleincreasingcomplexityinthefieldofarti丘cialintelligence，Wil1
gravelystandintheway，eVenintermSOftheindustriallevel（Minsky（1986），（2006））
Papert，sPrinciple：‘‘SomeofthemostcruCialstepsinmentalgrow血arebasednotsimplyon
acqulrlngneWSkills，butonacqulrlngneWadministrativewaystousewhatonealreadyknows．’’
Inreality，inordertoe飴ctivelyandpromptlyrealizeinnovationinscience－basedindustries，it
is necessary to have a mechanism to extensivelyandpromptly mobilize people withspecial
knowledgeofadi飴rentnatureinsideandoutsidethecorporation．However，inordertorealizean
extensiveandpromptmobilization，itisindispensabletohaveaneworganizationalmanagement
Styletopromotethe autonomous mobilization ofspecialistsfrom awide varietyof丘elds．In
additiontothat，ameChanismisrequkedtoacceleratethespeedofaccumlativelycreatingnew
knowledgebyenhanCingtheinterchangeabilityoftheknowledgeheldbymobilizedspecialistsand
raisingtheefnciencyofreuseofsuchknowledge．
Unfortunately，inJapaneSeSCience－basedindustries，aSthecomplexityoftheteclm010gyand
markethasstartedtoexceedthethresholdvalue，ithasbecomedifnculttopromptlyrealizethe
mobilizationofknowledgeinsideandoutsidetheorganizationatasufncientlyextensivelevel（e．g．，
Chuma（2006））．Asaresult，thelimitsoftheorganizationalmanagementSty1e（re缶rredtoas“1imits
Oforgamization”）withregardtothedrasticallyincreasingcomplexityofthetechnologyandmarket
are apPearlng eVeryWhere．And eveninthe丘elds where a great number ofdiscoveriesand
inventionshavebeencreated，therehasstartedtooccuratendencyforthecompetitivenessofthe
relatedscience－basedindustriestoweaken，duemainlytothedelayinthe speedofe飴Ctively
utilizingsuchknowledge．
The purpose ofthis paperis toidentifythe contributing fhctors ofthe weakening
COmPOSiteness ofJ坤aneSe SCience－basedindustriesandsearchformeasuresto overcome these
fhCtOrS，basedontheawarenessoftheissuesmentionedabove．Forthispurpose，thecaseofthe
Semiconductorindustry，Whichisoneofthetypicalscience－basedindustries，eSPeCiallytheprocess
OftheriseandfhlloftheDRAMbusinessexperiencedbythisindustry，isusedforanalysis．While
attemptingtodoso，Wemakeauniquetrialthroughthefo1lowingtwoanalyses：（1）theanalysisof
theanalyticalreportindetail（byusingtheelectronicmicroscope）concemingthemass－PrOduced
DRAMs manufactured bytheJ叩aneSe，U．S．and SouthKorean manufhcturers during several
generations，and（2）the analysis ofthe micro－and macro－attributes ofthe research and
developmentactivitiesofeachmanufhcturerbasedontheDRAM－relatedpatentsofJ坤anandthe
U．S．overseveraldecadesandtheacademicp叩erSOfthemqOraCademicsocietiesrepresentedby
ISSCC（IrrtemationalSolid－StateCircuitConfbrence）andIEDM（IntemationalElectronicDevice
Meeting）．
Inthispaper，basedontheseanalyses，WeeXplaintheconditionofteclm010gicalcompetition
amOng the m劉Or manufhcturers regarding DRAMs not onlyin the stage of research and
developmentbutalsointhestageofmassproduction．Next，basedontheseresults，Wepindown
themoredetailedfhctregardingtheconditionofincreasingcomplexityoftheteclmologywiththe
Otherconditionsmadeconstant．AIso，COnSideringtheteclm010gicalattributesderivedthroughthe
analyses，Wemakeanin－depthexaminationofthecharacteristicsofDRAMmarket．Finally，based
Ontheresultsoftheseanalyseswemakean1nqulrylntOissueslike“Whydidnearlyallofthe
Japanese semiconductor manufhcturers retreatfrom the DRAM business？”，“Whatis similar
betweenthisandthecontributingfhctorsoftheweakeningcompetitivenessbeingfhcednowadays
bytheJapaneSe Semiconductor manufhcturers？”and“Whatis considered as necessaryfor
OVerCOmlngthesecontributingfhctorsoftheweakeningcompetitiveness？”
Figurel：Share of DRAM Shipment（＄）by Nationalities
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2・StylizedfactsofJapaneseDRAMEra：RiseandFau
FromtheprocessoftheriseandfhlloftheDRAMbusinessobservedduringthepast30years，
WeCannndthefollowingfourtypesofstylizedfhcts．
（SFl）TheJapanesemanufhcturerssecuredashareofmorethan70％oftheDRAMshipment
WOrldwidetilltheendofthe1980S，buta免erthatthesharedrasticallydeclinedandislessthan
l0％nowadays．
（SF2）TheJapaneSe manufhcturers have had aleadin the designandthe processing
4（manufhcturing）technologyofDRAMworldwideforeverytypeOfDRAM，from64Kbto
256Mb．Eventoday，thesetechnologicaladvantageshavenotbeenlost．
（SF3）For64Mb orlarger DRAMs（more evidently128Mb），Samsungin SouthKorea
becamethefirst－mOVer，While，forthe（memory）chip－Sizeandcell－Size70f16Mborlarger
DRAMs，MicronintheU．S・becamethewinneroftheshrinkingteChnology．
（SF4）Fromthesecondhalfofthe1990sonward，（withEIpidaasaneXcePtion）theJapanese
manufhcturerslosttheiradvantageSintermsoftheproductionsystemasmeasuredbythe
indicatorssuchasthecycletimeandthedeliverytime．
Below，firstlet’sconfirmthesepointsbyshowingrelevantevidence．
Tablel：DRAM－ReIated PapersinlSSC andlEDM by Chipmakers
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2．1Co血瓜rmationorthesけⅡzedhct（SPl）
SFIcanbeimmediatelyconfirmedthroughFigurelwhichshowstheDRAMshipmentby
reg10n・Inreality，WeCanSeethattheshareoftheshipmentaccountedforbyJapaneseplayers
7Thesegmentcutout丘omthewafbrinwhichtheprocesslngendsisachip．Asfbrthechip，thepackaginglS
donewithplasticetc．ItisamemorymoduJethatwemakeusuallythatiscalledSIMMandDIMMthatputsthose
eightchips．Thememorycellismodularizationofonetransistorandonecapacitor．Alotofthesememorycellsare
COntainedinoneDRAMchip．ThetranSistorisanelement（COmpOnent）towhich（0－1）informationiscreatedbythe
addedvoJtage’sexceedingaspeCificthresholdandfhlJingbelow．
5drastical1ydeclined斤omtheendofthe1980sonward．8Duringthisperiod，Fqiitsuretreated丘om
thebusinessinDecemberl998，TbshibainDecember2001，andMitsubishiElec仕icinOctober
2002．Inaddition，NECandHitachispan0fftheDRAMbusiness丘omtheirmainbusinessesand
jointlyestablishedEIpida，aDRAMspecialtycompany，inDecember1999．Asaresult，EIpidahas
becometheonlyDRAMmanufhcturerremalnlnginJapan．
2．2Connrmad0nOrthesけlkedhct（SP2）
Regarding64KborlargerDRAMs，manyOftheprocesslnganddesigntechnologleSWhich
form the essentialpart have come丘・OmJapan（Hitachiin particular）and the U．S．（IBMin
Particular）．Thespecificexampleswillbediscussedindetailinthesecorldhalfofthispaper；but
SuChaconditioncanbeconnrmedfromThblelaswell．Thistableshowstheconditionofacademic
paper presentation bythe m毎Or DRAM manufhcturersinJapan，the U．S・，South Korea and
Germany atISSCC（丘ont－end process）whichisanintemationalconference mainlyfor the
PreSentationofthesemiconductordesignteclmoIogyandatIEDM（manufhcturingprocess）which
isanintemationalmeetingforthepresentationoftheprocessing（manufhcturing）technology．
The DRAM－related academic papers by each manufhcturer atISSCC consist of
approximatelytwopagesinmanycaSeS．Andbecauseofthis，inthe1980S，ittookonastrong
CharaCter aS aCOnference fbrpresentingproducts．Inreality，atthetime ofpresentation，eaCh
manufhcturer already completed the patent applicationwithanaWareneSS OfgoinglntO maSS
PrOductiontwoyearslater．Forsuchareason，inthe case ofISSCC，many Oftheteclm010gies
PreSentedwererelatedtodevelopment（utilizationofscienceknowledge）．Ontheotherhand，inthe
CaSeOfIEDM，theacademicpapersincludedmanyonesrelatedtoresearch（Creationofscienceand
knowledge）ifcomparedtothecaseofISSCC．
Ifwelookattheconditionofresearchanddevelopmentofeachmanufhctureraswasindicated
byISSCCandIEDM（refertoThblel），itcanbeinfbrredthat舟omthesecorldhalfofthe1980sto
the second halfofthel990S，theJapaneSe manufhcturers were activelylnVOIvedin both the
processlnganddesigntechnologleS．Inaddition，ithasbecomeevidentthatinanyoftheperiods，
IBMcontinuedtomaintainitsroleasaleadernotonlyindevelopmentbutinresearChaswell．On
theotherhand，incorrtrasttotheJapanesemanufhcturersandIBM，Micronhadnotpresentedits
researchresultsateitherofthesocietiesforalongtime．ThesamealsoappliestotheSouthKorean
manufhcturers（SamSungandHynix）tillthesecondhalfofthe1990S．Inotherwords，atleasttill
the second halfofthe1990S，both Micron and Samsung were companies ofthe knowledge
utilizationtype（Orthetypeofseekinga負erprontsgenerated丘ommassproduction）．Inthecaseof
BRetrievalbykqywordwasdonebasedontheadviceofthespeCialist・
6Micron，thistendencyhasconsistentlyremainedeventillthepresent・9However，Startinginthe
SeCOndhalfofthe1990S，SamSungr叩idlyincreaseditspresentationatIEDMespeciallyregarding
theprocesslngteChnology．
2．3ConfirmationofthestyLizedfhct（SF3）
RegardlessoftheadvantageSintheresearchanddevelopmentcapabilityaswascon丘rmedin
theprevioussection，Withrespectt064MborlargerDRAMsforwhichtechnologycomplexityis
Saidtodrasticallyincrease，theJ叩aneSemanufhcturersstarttolagbehindSamsungintermsofthe
SPeedofmassproductionandbehindMicronintermsofthechip－Sizeshrinkingtechnology．The
formerCanbeconfirmedinドhble2inamoredetai1edway．The丘rstrowoflもble2showsthe
CaPaCityofamemorypackage，andthe丘rstlineshowstheitemssuchastheyearofpresentation，
themanufacturerofpresentationatinternationalmeetingslikeISSCC，thestartingyearofmass
production，andthestartingmanufhcturer．Accordingtothistable，for64MborlargerDRAMs，the
timen・Omdevelopmenttillmassproduction，thetimetillmassproductionoflmillionpleCeS，and
thetimefrom development ti11the production ofthe said DRAM reachedthe peak were all
PrOIonged．Inotherwords，teChnologycomplexityhasdrasticallyincreased．
Table2：Transitionin DRAN Development and CorTTnercial Production by Memory Density
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Hitachiwasl993，CentralResearchLaboratory，HitachiLtd・WaS837consequently，NEC was826，Samsung
ElectronicsCo．，Ltd．was314，SamSungAdvanCedInstituteofTeclmologywas435，andMicronwas25．Thisresult
丘anklytellsthatMicronisanenterpriseofatypicalknowledgeutilizationtype．
7UnderthesecircumStanCeS，theJapanesemanufhcturers’researchanddevelopmentcapability
accumulatedfromthe1980sonwardfhiledtoleadtomassproductioninanearlystage．Inreality，
for16MbDRAMsorsmallerones，J叩aneSePlayers’speedydevelopmentandmassproduCtion
hadtheupperhand・Nevertheless，for64MborlargerDRAMs，SamsungStartedtooutpacethe
JapaneSemanufhcturersintermSOfthetimetostartmassproduction．Asaresult，SamsungWhich
Shouldhaveso臨rbeenamanufhctureroftheknowledgeutilizationtypestartedtogainprofitsnot
Onlyfrommassproductionbutalsoprontsasaleader．
Regarding the condition ofchip－and cell－Size shrinking at thelevel ofmass－prOduced
DRAMs，thepropertiesofMicron’S16MbDRAMswerenotablyseen（refbrto一hble3）．Inthis
table，boththechip－andthecell－Sizeswereconvertedintorelativenumericalvaluesbyusingthe
SizeofNEC16M＿1（theactualmodelwaspPD4216100）in1991asabenchmark．TheDRAMs
manufhcturedbyeachcompanyarethemass－PrOducedproductsactuallymanufhcturedandputon
themarket・NECshrankthesizeto71％from1991to1996．However，tWOOfMicron’schipswere
Shrunkto41％and28％in1996andevento20％in1997．Thisisashrinkingteclm0logyworthyof
SurPrise・ThisshowswhyothercompaniesintheindustryfhiledtocompetewithMiCrOnduring
1996and1997．Incidentally，theoverwhelmingpresenceofMiCrOnintheDRAMmarketinl997
WaSCalled“Micronshock’’inJapan．
Table3：Trendin Chip Size and Cell Size Shrinking
P ro d u ct
Exp e cted C h ip Sjze C ellS ze
Y e ar （H Eq 16 M 胃1＝1 00 ） （N EG 16 M ＿1＝10 0 ）
N ヒU 10 M　 l lVy l lU U ．UU lU U ．UU
トuJItSu lO M L 1．　． 3 4 ．／1 113 ．1U
Sa m Su ng l6 M ＿1．　． 6 ／．3 3 80 ．8 ／
M ltSu t＝Sn l1腋M ＿1．．J 6 9 ．／1 11．4 3
H はacn 116 M L 1 …　一 ．　 ．． ／D ．J U
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ミ油nlSu ng 16 M J Z…　一 l 03 ．4 8
H y u n clal16 M ＿1…　一 工．　 ； ．　　　　　′
トuJltSu l甘M ＿Z 1 VV D ．工 0 1．UU
N ヒじ16 M ＿Z … ． ／1．Zヰ ／4 ．U 4
U K llO M ＿1 ．．． ／3 ．82 ／／．J 8
M o se lV ltellc ltiM ＿1… l 6 Z ．0 ／ 63 ．4 8
M lc rOn 16 M ＿1 ．．l 4 U ．OU 33 ．4 8
M lcrOn 16 M ＿Z －．． Z 八〇1 33 ．4 8
u lln N IP P O n S ［ee L 1．　． 0 甘．64 13U ．9 3
M lcrO n lu M ＿3 1 9V J Z U ．U6 4 明ヽ
出典　αllPWOrks社、SemlCOnductorlnsights社、httpノ施mlthsonIanchlPSSledu＾ceh4htm
2．4Confirmationofthestyli2：edfhct（SF4）
HowtheJapanese semiconductor manufhcturerslost their advantageSin termS Ofthe
PrOductionsystemwasobviouslyshownbytheresultsofthesurveyconductedbyUCBe止ley
8（LeaclmanandHoges（1996））inthe1990S．Accordingtotheresultsofthissurvey，aSisshownin
Thble　5，the U．S．semiconductor manufhcturers considerably outpacedthe mqjorJ坤aneSe
SemiconductormanufhcturersevenatthattimeintermSOfnotonlythecycletimeperlayer（time
neededtoprocessonepieceofmask）butalsothedeliveryontime・Nevertheless，theJapaneSe
semiCOnductormanufhcturersstillhadtheupperhandintermSOftheyield（rateofyieldperwafbr）
andtheutilizationefficiencyofthemicrolithography．
The tendencyforthe gap betweenJapanandthe U・S・tO raPidly narrowintermS Of
COmpetitivenessinthe semiconductor production system already startedinthelate1980S・
Regardingthis，Macheretal．（1998）showedthatatthebegirmingofthe1990S，thegapbetween
JapanandtheU．S．hadconsiderablynarrowedintermSOfnotonlythecycletimebutalsoother
indicatorssuchastheprobeyieldatdleStageOftheprobetest（COnductedafterthecompletionofa
Chip），laborproductivityperdirectworker，andthedefbctdensity．
Regardingtheconditioninthesecondhalfofthe1990S，thereisnolitera山reavailablefora
ClearinternationalcomparisonlikeThble5．However，Leaclmanetal．（2002）exhibitedacondition
Oftime shorteninglnallofSamSung’s semiconductorfhctoriesfrom19960nWard・Leachman
Playedaleadingroleasconsultantatthattime・Accordinghisacademicpaper，aSareSultofthe
productionsystemreformthatstartedin1996，thetotalcycletime（TAr：TurnAroundTime）of64
MbDRAMswasshortenedfrom90daysinearly1996toalittlemorethan30daysin1ate1998・It
isdi伍culttomakeapurecomparison，but30daysisanumericalvalueconsiderablylowerthanthe
thenlevel（around60days）ofacertainJapaneSemanufhcturerofwhichafhct一五ndinginquirywas
conducted．
Table4：Japan－US Comparisonin Fab Performancein the early1990s
T旭LE　Ⅱ
SuMM人だrOFTbCHhm hhnWC SconES．cOhu円FTrrNB
SEMmコmコmRhhuWnJRP飜〇S■用ⅣEY（PngT18h細）
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93．TheimpactoftheJapan－USagreementonsemiconductortrade
Uptillnow，manyPeOPlehaverepeatedlytriedtoexplainsomeofthefourstylizedfhcts（SFl
toSF4）inafragmentaryfhshion．Andtheyhavemadevariousexplanationssuchastheinsu伍cient
SCale ofinvestmentin semiconductor－equlPmentandthe delayedtiming ofinvestmentdue to
mistakenbusinessjudgment，thedelayinthecognitionofthestruCturalchangesoftheDRAM
market triggered bythe advent of PCs，the various restrictionsimposed ontheJapanese
manufhCturerSundertheJqpan－US agreementonsemiconductortrade，andthedeclineinpnce
competitivenessduetothedrasticyenappreciation・100naccountOfspaceconsiderations，We
CannOteXaminethesevleWPOintsindetailinthispaperbutwewanttOtOuChupontheimpactofthe
JapanーUSagreementonsemiconductortradewhichisconsideredtobeparticularlyimportant・
Pressure on theJapaneSe manufhcturersfromthe U．S．governmentundertheJapan－US
agreement on semiconductor trade was so strongthatitwentbeyond ourimagination today
（Ohyane（2002））．TheresultsareshowninFigure2，thoughindirectly・Theverticalaxisofthistable
followsthechangefrom1983til12005byuslngaSabenclmarkthesemiconductor－relatedsales
amountSOfMicronllandSamsungin1990・RegardingSamSung，thechangeexpressedinwon
（dottedline），tOO，isshown．Inaddition，forthepurposeofmakingacomparison，thechangeinthe
DRAMshipment（inU．S．dollars）worldwideisalsoshownalongwiththestraightline（dottedline）
approximatedbytheexponential知IICtion・Asisshowninthengure，theshipmentworldwidecan
beestimatedinanalmostperfectmannerbyal0％downWard－Slopingstraightline・
Figure2：Transitionin SemiconduCtOr Shipment（‡）（1990＝1）：MiCrOn，Samsung，DRAM TotaI
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10Re臨rtoYoshioka（2004）fordetailsormore．
llEstablishedin1978，PrOductionstartedin1982
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AsCanbe easily understoodfromthis丘gure，from1986，theyear whentheJ叩anーU．S．
agreementonsemiconductortradewentintoe飴ct，til11995，bothMicronandSamSungaChieveda
grow血rateofar0und40％，aratebyfhrhigherthanthegrowthrateoftheworldwideDRAM
Shipment（10％）・Inparticular，regardingMiCrOn，aSareSultofaserious semiconductorslumP
Startingin1985，itssalesamountdrasticallydroppedfrom1984til11986．However，from1987
0nWard，itirrmediatelyfo1lowedthepathofrapidgrowth・12
Figure3：Transitionin DRAM Bit PriCe VS the Amount of CumuIative Bits
Aver3geBltPrl°e（bg）
β相　　　　　　　／ββ　　　　　　　　相♂β　　　　　　　相ββ♂　　　　　　1クβ♂ββ　　　　　／♂β♂β♂β　　　　　相仇βのブββ　　　　／ββ♂♂♂ββ♂　　　／♂ββ♂βββ‘∂
CL・rnU18tIVeBltS（1012Mblt）1977－2005　　　　　　SourceICE（1997）andMcCIeanReport（2006）
The rapidgrowthachievedbyMiCrOnand SamSungWaS underpinnedbythe drastic and
Signi丘CantincreaseinDRAMprices brought on by thelimited supplyundertheJapan－U・S・
agreementonsemiconductortrade．Inreality，aCCOrdingtoJolmsonetal．（1988），thecostofa4Mb
DRAMwasapproximatelyfourdollarsaround1992butitwassoldataroundtwelvedollarsinthe
（SPOt）ma正et・Thiscanbeclearlyconfirmedthroughthemovementonthetrendlineoftheaverage
DRAMpriceperbitshowninFigure3・Theverticalaxisofthisfigurestandsfortheaverage
DRAM price perbit（logaritlm）andthe horizontalaxisforthe accumulatedbit capacityof
DRAMswithadi飴rentmemorycapacity・13Betweentheannualchangesinthepriceperbitand
theaccumulatedbitCaPaCity，arelationshipcanbeestablishedinanalmostperfbctway（witha
12Thegrowthrateofsalesvolumemeasuredbythedol1arimmediatelya鮎r95yearsdeclinesconsiderablyfor
Samsung・The grow血rate ofsales volume meaSured bythe wonrises alittle bit・Thisrenects r叩idwon
depreciationbyI．IMFForeignExchangeCrisis．fin1997andthewondepreciationtendencytohavecontinuedfor
SeVcralycarsaRcnⅣards．
13Thebitcapacityofeachyeariscalculatedinsh坤etOmultiplythebitcapacityandthequantityofproductionof
VariousDRAMproducedinthesameyear・Theaccumulatedbitcapacityofeachyearisanamountinwhichthey
areaddeduptoayearconcemedin1977andmatched．
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determinationcoefncientof97％）byusingthestraightlineshowninFigure3．AcCOrdingtothis
丘gure，theDRAMpricedrasticallyroseaRertheJapan－U．S．agreementonsemiconductortrade
Wentintoe飴ctanddrastiCallydropped（to坤PrOXimatelyone一丘氏h）from19950nWard，buttill
l977itlayalmostabovethetrendline．
Fromtheabovefhctsitisknownthatbehindtheemergenceofthepowerfulmanufhcturersas
Sd）StitutesuppliersofDRAMlikeMicronandSamSung，thedrastiCincreaseinDRAMprices
under theJapan－U．S．agreement on semiconductor trade had a significantimpact．However，
drastically rising DRAM prices should have brought about great prontsfortheJapaneSe
manufhcturersevenifsupplywasrestricted．Figure4givesusareplytothisissue．Theverticaland
horizontalaxesarethesameaSinFigure2，butthereductionscaleoftheverticalaxisistwiceas
largeasthatofFigure2，reflectingthelowgrowthrateoftheJapaneSemanufhcturers．Inaddition，
theDRAMdivisionsofHitachiandNECweremergedaroundlate1999tobecometoday’sElpida．
Becauseofthis，nOdataisavailableforeachofthetwocompaniesa氏er1999．
Figure4：Transitionin SemiCOnduCtOr Shipment（1990＝1）：Hitachi，NEC
乱凱野田両帝瑠ノ
AccordingtoFigure4，theJapaneSemanufhcturersgrewalmostatthesamerateofl0％asthe
growth rate ofworldwide DRAM shipment ti111995．Inthis sense，e飴ctsfromthe bubble
economyburstinear1y1990didnotoccuratleasttillthefirsthalfofthe1990S．Inreality，aSOfthis
POintintime，the shareaccountedforbytheJapanesemanufhcturersintheworldwideDRAM
ShipmentstilloutpacedtheSouthKoreanmanufhcturersbymorethan10％，aSisshowninFigurel．
Nevertheless，alongwiththedrasticdeclineinDRAMpricesstartingin1996，bothHitachiand
NECstartedtopostsigmi丘Cantnegativegrow血．ThesameCOnditioncanbeconfirmedforTbshiba，
12
FltiitsuandMitsdbishiElectriC，thoughtheyarenotshowninthe丘gtwe・Inaddition，aSareflection
ofthetrendoftheyendepreciationinthe1980Sandthetrendofyenappreciationinthe丘rsthalfof
the1990S，thegrow血rateofthesalesamOuntindiCatedbydollarsshowsadeviationlargerthanif
indicatedbytheyen．
Therefore，thereasonforthedecelerationoftheJapaneSemam血cturersfrom19950nWard
cannotbeentirelyattributedtotheJapan－U．S．agreementonsemiconductortradeandtheexchange
rate．Inreality，duringtheperiodofthesecondJapan－U．S．agreementonsemiconductortrade丘om
1991till1995，thesituationwasnotsofranticasinthe丘rstperiod（Ohyane（2002））．However，
undertheJapan－U．S．agreementonsemiconductortrade，duepartlyalsotothesupportfromthe
JapaneSe gOVernment，all ofthe m劉Or Semiconductor manufacturers except Tbshiba made
investmentsintheoverseasfhctoriesoffront－endsemiconductorequlpment，Whichmayalsobe
saidasrecklessifjudgedbytoday’scriteria．Moreover，（incaseswheretherewasnobindingforce
throughanagreementWiththegovemmentofthecountrywheresuchinvestmentsweremade）
thosefhctorieswereinevitablyclosedorretreatedwithoutexception．Thisisconsideredtohave，tO
a COnSiderable extent，deprivedtheJapaneSe manufhcturers oftheir surplusfunds to make
investmentsthereafter．
Figure5：Transitionin Yen／＄and Won／Yen：1981to2006
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Itisnecessarytonotethetrendinyen／dollareXChangerateSandwonhTeneXChangeratesas
oneofthefhctorstosupportthegreatprogressofSamsunginthelatterhalfofthe90－S・Firstofall，
thedepreciationinyeninthe丘rsthalfofthe1980swasalmostsoIvedinabout1990，andshowed
cyclicalmovementtomakel20yenbottomaboutyerJdollarexchangerateSafterwards・Inthis
SenSe，yen／dollarratesinthelatterhalfofthe1980swereafhirwindforMicron・InCOntraSt，after
13
1990，theyen／dollar exchange rateshardlyinfluencedMicron・Onthe otherhand，SamSungls
circumstanCeSWerequitedi飴rent．ACtually，WO〟yenexchangeratehadcontinuedtodepreCiate
aboutO．3woninoneyearforabout25years．Additionally，didtheoccurrenceofremarkablewon
depreciationin1997because ofthe currency crisis of SouthKorea・The subsequent won
depreciationtendencycontinueduptothebeginnlngOf2002・Tbgetherwiththepncecutting
tendencyaRerthecollapseofDRAMat1995year－end，SuChwo〟yeardepreciationbecamevery
hardtodealwithforJapaneSeSemiconductorchipmakers・
4．Anewviewofinternalcauseintheriseandfhll
Inordertoexplaininaconsistentmannerthelogicgeneratedfrom（SFl）－（SF4），itisnecessary
toestablishanOrganicrelationshipbetween（SF3）whichshowsthedeclineinthespeedofmass
productionand（SF4）whichshowsthedeclineintheefnciencyoftheproductionsystem・Andin
ordertodoso，itwi11benecessarytomakeasomewhatmoredetailedexaminationoftheattributes
oftheDRAMteclm0logyandthe struCturalchangeSinthemarketforwhichtheyearofl995
markedaboundary・Thisisforthepurposeofunderstandingthedrasticallywideningscopefor
utilizingknowledgecausedbythedrasticallyincreasingcomplexityoftheteclm01ogyandmarket・
4．1ThesituationbetweenScyllaandCharybdis
TheconditionthattheJ叩aneSemanufhcturerslostnotonlypro丘tsfrommassproductionbut
alsopro丘tsasaleaderfor64MborlargerDRAMsisshowninFigure6・Theverticalaxisonthe
le食sideofthis丘gurestandsforthesizeofaDRAMchip（logarithmvalue）andthatontheright
sideforthe DRAM pnce per squaremillimeter．Onthe horizontal axis，a tOtal of145
mass－prOducedDRAMswerearrangedaccordingtothecapacityandtheyearofmanufhcture・For
examPle，ina certaincirCle clearly specified as64Mbinthis伍gure，the64Mb DRAMs
manu払cturedbyeachcompanyare封Tangedaccordingtotheyearofmanufhcture．AIso，the△
SlgnWithinthecirclestandsforthechip－Size．Itcanbeconfirmedthatwithinthis64Mbcircle，the
Chip－Sizebecamesmalleralongwiththeelapseoftheyear・
FurthermOre，thepointindicatedbythe o slgninthisfigurestandsforthepnceofthese
mass－PrOducedproducts14whichhasbeenconvertedbasedontheumitofonesquaremi11imeter・
TherearefbwslgnSOfointheupperpartbutmanyinthelowerpart・And，aSthismeanSthatthe
higheraosigngoes，thehigherthepricepermillimeteris，itispossibletogainhugebusiness
pro丘ts・Forexample，inthecaseoftheabove64MbDRAMs，thereisaoslgnSfi11edwithbluein
thefigure，andthisstandsforSamsu喝・Fromthisitiskn0wnthatintermSOfthepnceper
millimeter，SamsungOCCuPiedthemostfavorablepositionfor64MbDRAMsatthebegimig・
14Rc氏rtoScmicoRcse訂Ch（2003）br也cpdce．
14
Figure6：Transitionin Chip Size and PriCe Per Chip Area（ConTnercial Products）
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Inaddition，Hitachiwasthe丘rstmanufhcturertolaunchmass－prOduced64MbDRAMstothe
market（in1993）andnextwereSiemensandSamSung（bothin1995）．Inthe丘gure，however，the
PrlCeSPerChip－SizeofHitachiandSiemenswereshowninaplaceslightlylowerthantheproducts
manufhcturedbySamSung（lookatthelogarithmvalue）．Thereasonforthisisthat，thoughHitachi
wasthe血sttostartmassproduction，thechip－Sizeatthattimewas229mm2（andthatofSiemens
was197mm2），COnSiderablylargerthanSamSung，schip－Sizewhichwas159mm2．
AmongthemanyOSlgnSinthelowerpartOfthe丘gure，those丘lledwithredstandforthepnceper
millimeteroftheDRAMsmanuhcturedbySamSungandthosemledwithgreenstandforthatof
DRAMsmanufhcturedbyMicron・InordertoeasilyidentibTthesetwocompanies，thepriceof
DRAMsmanufhcturedbyMicronisindicatedwithanarrOW．ThewhiteoslgnSinthepartbelow
thesearethepncespermillimeterofDRAMsmadebytheJ坤aneSemanufhcturers．
BasedonthedatacollectedinFigure6，WeCanObserveafewinterestingconditionsasfo1lows
regardingmass－PrOducedDRAMsfromlMbto256Mb．
TheJapanese manufhcturers ergoyed bothprofits as aleaderandpro飢S丘om mass
productionforDRAMsfromlMbto4Mb．
For16MbDRAMs，Flカitsu，neXttONEC，gainedpro飢sasaleader；howeveちduringthe
nrsthalfoftheperiod（1993－1994）Samsung，andduringthesecondhalf（1996－1997）
Micronergoyedprofitsfrommassproduction．
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（Aswasexplainedabove）Hitachitooktheleadinmassproductionof64MbDRAMsbut
SamsumgWaS able to galn prOfits as aleadertill1995，ayearbefore DRAM prices
drastical1ydropped．Moreover，initially（in1996）therewasroomforJ坤aneSeplayersto
SeCureprO飢Sfrommassproduction，butafterthattheytendedtobeslightlydepressedby
MicronandSamsung．
For128MbDRAMs，in1998SamSunggainedpronts as aleader．In1999，JapaneSe
Players，tOO，enteredthecompetitionbutaround2000theyretreatedoneafteranOther，
WithMicronandSamSunggalnlngSigni丘CantprOntsfrommassproduction．
Evenfor256MbDRAMs，tOO，SamSungWhichstartedmassproductioninl998gained
PrO丘ts as aleader．Regarding profits丘om mass production，SamSung and Micron
repeatedlyhadaclosecontestwitheachotherbutMicrongainedaslightadvantageinthe
Chipshrinkingcompetition．
Inthisway，betweenScyllaandCharybdis，manyOftheJapanesemanufhcturersweredriventothe
bayinthemarketof64MborlargerDRAMS．
4・2Decuningspeedoftnassproduction：Impactoftheinsumcientmarketingstrategy
Althoughnotmentionedintheprevious section，Figure6furthershows somenoteworthy
tendencies．Oneofthemisthatfor64MborlargerDRAMs，thecapacityofthememorywhichhad
SOfhrquadruPledinamarmerlike64Mb→128Mb→256Mb→512Mbhasbeenduplicatedina
mannerlike64Mb→128Mb→256Mb→512Mb．Thisnewphenomenonhasreflectednotonlythe
increasingteclm010gycomplexitybutalsotherapidstruCturalchangeinthesemiconductormarket，
includingtheDRAMmarket，丘omthesecondhalfofthe1990sonward．
However，Whatwillbediscussedindetailinthisandthenextsectionsisthatmanyofthe
JapaneSe manufhcturers could not necessarily respond to such an unexpeCted changeinthe
Semiconductormarketinapromptenoughway．Oneofthemqiorreasonsforthiswastheirfhilure
to succeed not onlyinthe”integration ofknowledge”amOng the R＆D，manufhcturing，and
marketingandbusinessdivisionswithinthecorporation，butalsointheintegrationofknowledge
byextendingbeyondcorporateboundaries．
Judgedfromthemafketingstrategy，theJapaneSemanufhcturerswereforestalledincatching
upwiththetumingpointoftheabove一mentionedchangefromquadruplicationtoduplication（in
1997and1998）．Asaresult，Samsungmanagedtogainpro飢sasaleaderfrom128MbDRAMs，
thoughitwasstillinfbriortotheJapaneSemanufhcturersintermSOftheresearchanddevelopment
CaPabilityatthattime．Inreality，takingadvantageOfthebriefmomentwhenJapaneseplayerswere
hesitantaboutmakingaclear－CutdeCision，SamsungJumPedtothetopasa丘rmseekingprontsasa
leader．Tbbemorespeci丘C，itmanagedtostartse11ing128Mband256MbDRAMsrespectivelyin
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thefirstand secondhalves ofthe same year ofl998（inthe8thweek ofl998：Model
KM48S16030TIGL；inthe48thweekof1998：ModelKM44S64230AIIGL）．Moreover，aSisshown
inFigure6，eVenforthefirstmass－PrOducedl28MbDRAMs，itlaunChedtheproductswitha
chip－Sizeassmallasalittlelargerthan100mm2．Thatmightreallyhavebeenaboonfromthe
Samsung－Styled strategy of“simultaneity of marketing and development”（Chou（2007））．
hcidentally，the chip－Size of a256Mb DRAM manufhcttqed by SamSunglnlatel998
（KM44S64230AIIGL），tOO，WaS164mm2．
Figure7：Transitionin chip Size and celJ Size（Engineering Products for Development）
的助バ上．gノ　　　　　　　　（16K・64K・256K・1Mb・4Mb・18Mb・64Mb・256H＝cb）　　　　　　　　由〟飯°H吋ノ
Onthe other hand，atthe time oflaunChing next－generation mass－PrOduced DRAMs，a
COnVentionalviewthat”mass－PrOducedDRAMslaunChedasama正etleaderareselhbleevenif
dle Chip－Sizeis somewhatlarger”continuedtoexistamOngJ坤aneSePlayers’researchersand
developerseveninthe1990S．Thiscanbeinferredfromthetrendofspeci丘cationspresentedat
ISSCCforDRAMsdevelopedasnext－generationproducts（refertoFigtUe7）．Therightvertical
axisofthisfigureStandsforthechip－Sizeandtheleftoneforthecel1－Size．Inaddition，eaChoslgn
Standsforthechip－Sizeandthe□signstandsforthecell－Sizeoftheproductdevelopedbya
manufhcturer．Thehorizontalaxisshowsthenamesoftheproductspresentedbythemanu払C山rers
WhicharearrangedaccordingtothememorycapaCityandtheyearOfpresentation．Inaddition，for
DRAMsfrom64K（1978－1981）uptoIG（1995－1996），J坤aneSePlayerstooktheleadinallthe
CaSeSaCCOrdingtotheyearofpresentation．
Asiskn0wnfromthis伍gure，thecel1－Size（□）hadbeenshrunkatacertainspeedaccordingto
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Moore’sLaw．Ontheotherhand，inlinewiththattrend，thechip－Size，tOO，hadbeenexpandedbya
Certainvalue．Inotherwords，thepresentationoftheproductsdevelopedhadbeenconductedatthe
imitative oftheJapaneSemanufhctu∬erSunderthe“belieP’that“血e shrinkingofthe cel1－Size
inevitably accompaniesthe expanSion ofthe chip－Size，’’Tb be speci丘C，We CanCOn蝕m the
numericalvaluesasfollows：197mm20fHitachi，S64Mbin1990，186mm20fNEC，S64Mbin
1992，478mm20fHitaChi，S256Mbin1993，246mm20fNEC，S256Mbin1996，715mm20f
Hitachi，sIGbin1996，and936mm20fNEC，sIGb・Theyareofalargesizeworthyofsurpnse
nowadays，butthisgives aglimpseintohowcompetitionfordevelopmentwasunderwaywith
nothingtodowithmassproduction．However，a氏erDRAMpricesdrasticallydroppedfrom1996
0nWard，nearlynochipswithasizelargerthanlOOrr皿2couldexistasamassTPrOducedproduct
anylonger（refbrtoFigure6）．
AlloftheJapaneSemanufhcturersexceptHitaChisuccessivelystartedmassproductionof128
Mb DRAMs坤PrOXimately one yearlaterthanSamsung’s start ofits duplication strategy
mentionedabove．Onthecontrary，however，OVerSupPlywasincurredand128MbDRAMprices
droppedtoapproximately50％in1999（0．15dollars），tOapPrOXimately30％in2000（0．10dollars），
and to7％in2001（0．023dollars）．Those werethe yearS When theJapaneSe manu血cturers
SuCCeSSivelyretreatedfromthe market：F両itsu（in1998），thefoundation ofEIpida（in1999），
Tbshiba（in2001），MitsubishiElectriC（in2002），etc．
Inaddition，Hitachieventuallydidnotstartmassproductionofl28MbDRAMs，thoughits
trueintentionisunkn0wn．Instead，it startedto se1164Mb DRAMs withaneXtremely small
Chip－Sizeof38mm2atthebeginningof1999・Asthechip－Sizeofthe64MbDRAMmanufhctured
byMicron（MT48LC8M8A2TG－8EB）was56mm2，Hitachi’sproductwasassmallas68％ofthat．
Moreover，includedinthisproductwasHitachi’slatestworld－Classteclm01ogyfor256MbDRAMs
（tobedescribedbelow），SuChasHSqCMP15，theworld，Sfirstapplicationoftantalum0Xidized
伝Imastheinsulating丘Imofthecapacitor，16andthephaseshiftmask・17
Hitachiaimedatthe128MbDRAMmarketbybundling16suchsmallchips，tWOtimesthe
COnVentionalnumber，andpackagingitasonememorymodule．However，Hitachifhiledtomake
thebestuseofthesophisticatedminiaturizationandchip－ShrinkingtechnologylnCOrPOratedinthe
mostadvanCedproduct，duetonegative血ctorssuchasthedelayinthespeedofexpandingmass
production，the rapiddeclinein128Mband256Mb DRAMprices，andunexpectedly solid
demandforproductssuchastheexisting64MbDRAMs．And，ifjudgedfromtheresult，though
havingthetopresearchanddevelopmentcapdbilityintheworld，Hitachi丘nallyretreatedfromthe
15AbbreviationofChemicalMechanicalPlanarizationorPolishing・
16AcapacitorisanelementtosaveeleCtricity（electriccharge）tempomily，anditisalsocalledinJqaLnaSa
COndenscr
l7ItdependsonneldresearchtoKawamoto，Matsuoka（1999），andtheHitachiafnliate．
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marketduetotheuneXPeCtedlydrasticchangeinthestructureoftheDRAMmarketanditsdelayln
respondingtosuchachange，WiththecompetitorstakingadvantageOfamomentarychanCe．
4．3Impactortheweakeningproduc60nSyStem
Theabove－mentionedstruCturalchangeintheDRAMmarketwasnotinfluencedonlybythe
devastatingeventofdrasticallydecliningDRAMpricesin1996．ThatwasalsoseeninthefhCtthat
Withthisperiodasaboundary，thechip－SizeofMPUs（MicroProcessorUnit）manufhcturedby
INTELandAMD，despitetheirr坤idminiaturization，nOlongerincreasedwhenacertainvaluewas
reached（McCleanReport（2006））．Behindsuchaphenomenon，thefollowingstruCturalfhctors
COnCemingdleWholesemiconductormarkethadasigni負Cantimpact．
（1）TherapidincreaseintheconstruCtionandoperationcostsofsemiconductorfhctories（200
mmand300mm）andthecostsofresearchanddevelopmenttomakefulluseofthese
払ctodes
（2）Theadventofthe“eraofPC”symbolizedbyWindows95whichwasputonthemarketin
1995asthe standardequlPmentfornetwofkfunctions，andalongwiththat，adrastic
increaseinDRAMsloadedontoPCs（particularly丘om19980nWard）
（3）Theadventoflow－endPCserverS，andalongwiththat，agrOWingdegreeofmixingof
high－，middle－andlow－PriceserverS
（4）TheadventoftheIntemeterawithPCsandserverSbundledtogetheronaworldwidescale
（5）Thefu11－SCaleemergenceofdigitalconsumerelectronicssymbolizedbycellularPhones
anddigitalcameraS
（6）TheshorteningoftheDRAMlifbcyclealongwiththeshorteningofthelifbcycleof
MPUsmanufhcturedbyINTEL
（7）A触heracceleratingdeclineinDRAMprices
AllofthesefhctorsenhanCedtheimportanCeOfimprovingthee伍cienCyOfchip－Sizeshrinkingand
fhctoryoperation（inCludingtheshorteningofthecycletimeandthereductionofinventory），and
theearly－Stageyield（pro丘bbility）．18
Regardingthesemiconductorproductionsystem（normallyrefbrredtoasfhctoryintegration），
18ThespeCi抗cationofDRAMisgreatlydi飴rentinthememorycapacity，theaccessspeed，theI／OSpeed，and
powerconsumPtion，etc・dependingonthe払CtOrSuChas（3）and（5）．Inaddition，becauseahigh1evelandamiddle
Classandalow－Pricedserverhadexistedtogether，thesemiconductorchipmakerlsjudgingtheperiodthattumedon
newgenerationDRAMbecamemoredifncult．Asaresult，thecomplexityofthemarketincreasedr坤idly，andthe
necessityofthemarketingstrategywithahighresolutionrose．Individualdemandhasenlargedr坤idlyinaddition
compared with the corporation demand．It pressedthe huge expanSion ofthe spot market，andincreasedthe
nuctuationriskandtheindeterminaCyOftheDRAMmarketrapidly．Thisincreasedtheimpo血ICeOfthebusiness
managementthatwasabletocorrespondtotheuneXpeCtedsituationchangequickly・
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acertainsortofconventionalviewstillexistedpersistentlyamOngmanyenglneerS．Thatisthe
COnVentionalviewholding：“Theoptimalproductionsystempersedi飴rsbetweenproductionwith
lowmixandhighvolume（abbreviatedasLM汀りandproductionwithhighmixandlowvolume
（abbreviatedasHMIN），”“TheformerisindispensableforDRAMsandthelatterisindispensable
forSOCs（SystemonChip），”and”Forthesemiconductorproductionsystemtillthe1990swhen
DRAMs constitutedthe core，the LMHV method was suitable but the HMI－V methodis not
Suitable・”Nodoubt，COmparedtotheLMHVmethod，amOreSOPhisticatedproductionsystemwill
beneededfortheHMLVmethod．However，theJ叩aneSeStyleLMHVmethod（i．e．，thesocalled
PuSh－tyPePrOductionmethod）inthe1990siscompletelyinappropriateastheproductionmethod
forDRAMsnowadays．Inreality，theabove一mentionedconventionalviewitself；too，isconsidered
asoneofthefhctorsthatcausedthedelayinthespeedofmassproduction．
Figure8lnCreaSinglmportanCe Of Factorylntegration and Chip Shrink
HowC°StSC°ntinuet°beReduced
国DecreaslngFeatureSize　　　　■lnc闇SingWabrSize
CYiekJImprovements　　　　　　■RISingEqulPmentProducIiv和
TheshorteningoftheproductlifbcyclemakesDRAMpricesdrasticallydropinashortperiod，
despitethepricesofadvancedDRAMs．Inreality，eVenafterthedrasticpricedeclinein1996，there
frequentlyoCCurredcaseswherepncesdeclinedtoone－halforone－thirdinoneyear・Consequently，
alongwiththeelapseoftime，theopportunitycostrapidlyrose．Asaresult，howamanufhcturercan
ShortennotonlythetimeoflaunChinganewproductbutalsothecycletimeofmassproduced
productsthroughalowlevelofWIP（WorkInProcess）becameVitallyimportantforsecuring
PrO丘tsasaleader・Moreover，aStheopportunitycostdrasticallyincreased，tOagreateXtent，the
Shorteningofthecycletimebecamethedeterminantfhctorforthetimingtolaunchanewproduct．
Itisbecausethishasasignificantimpactonthelatitudeofthemarketingstrategy．
Inaddition，discontinuouslylnCreaSingfhctoryconstruCtionandoperationcostsandresearch
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and development costsalongwithmimiaturization dramatically enhanCedtheimportanCefor
improvingtheyieldofqualityitemsperwafbrandshorteningthetimetolaunchfhCtOriesandnew
PrOducts．Costreductionthroughchip－Shrinkingande伍cientfhctoryoperations，tOO，becameeVen
moreimportant．Andforthispurpose，tOO，theshorteningofcycletime（regardlessoftrialproducts
OrmaSS－PrOducedproducts）becameimportant．ThisisbecausetheshorterthecycletimebeCOmeS，
themorefrequentchanCeStOleamwithinacertaintimeperiodwillbeavailable，thusleadingtoa
highq）eedtoachieveahighyield，ahighchip－Shrinkingspeed，andtheaccumlationofknow－how
Offhctoryoperationatanearlierstage．ThistendencycanalsobeconfirmedinFigure8・According
tothisfigure，thedegreeofe飴ctiveequlpmentutilizationandthedegreeofchip－Shrinkinghave
COmetOdeterminealittlelessthan90％ofthecostperformanCenOWadays．
However，fromthesecondhalfofthe1990sonwardwhensuchshortemingofthecycletime
hadbecomeconsiderablyimportant，COmpetitivenessofthesemiconductorproductionsystemin
Jqpanshowedan坤Parenttendencytoweaken（refbrtoChuma（2007）fordetails）・Ontheother
hand，beingconsciousofthefhctthatitsactualcycletimewasrankedastheworstintheworldin
1995，SamsungSuCCeededbymakingcompany－Wideconcertede鮫，rtSinshorteningthecycletime
for64MbDRAMsto坤PrOXimately30daysbyar0und1998・RegardingMicron，informationwas
evenless available to outsiders concemlngits production system．However，aCCOrding tothe
authorswhohadtheexperienceofpersonallyactingasteclmicalconsultantStOU・S・Semiconductor
manufhcturersincluding Micron（Jolmson et al．（1998）），Micron already hadthe efncient
productionsystemmentionedbelowin1998．
”Micron．sstrengthsarethattheyhaveac坤tive，detailoriented，manufhcturingworkforcewith
averyhighworkethic．Staffttmoverisalmostnon－eXistentandloyaltyisveryhigh・Their
PrOduction‘maChine’isveryefncient．TheirstyleisalmostliketheJapaneSeinmanyreSPeCtS
Withitshighfocusonqualityandcontinuousimprovement．”げage19）
Ifamam血ctt汀erWaSleftbehindbythesetwocompanieswithadi飴renceintheproduction
SyStem，itmusthavehadgreatdifncultiesinmakinge飴ctiveuseofitsresearChanddevelopment
CaPability．
4．4InpactoftheweakemingcapabilityofSCienceknowledgeintegration
Tillthe previ0usSeCtion，We COn丘nnedthe condition ofJ坤aneSe Players’insu瓜cient
marketingstrategyandweakeningproductionsystem・Evenso，therestillremainsthedodbt：ifthe
JapaneSe manufhcturers had maintained　their overwhelming advantageS　in　research　and
developmentconcemingDRAMs，WOuldthedeclinesoseriousasinthelate1990sperhapsnot
havebeenincurred？Inthissection，WeWanttOeXaminethisbyfurtherdwellingonthetechmical
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aspect．Below，inordertoclarifythispoint，WeWillfoCuSOnthecharaCteristicsoftheprocessing
technologywhichconstitutedthekeyto64MborlargerDRAMs・Thereasonforraising64Mb
DRAMspredominantlyisthatsincetheadventof64MbDRAMs，COmPlexityofteclm010gyhad
rapidlyincreasedandtheDRAMteChnologyofeachmanufhcturertocopewithsuchcomplexity
hadbecomediversi丘ed．Inreality，alongwithsuchrapidlyincreasingcomplexity，unaVOiddblythe
magnitudeand depthofintegratingknowledge withinand outsidethe corporation expanded
血astically．
A．KeyprocessingtechnoIogiesLbr64MhDRAMs
For4MborlargerDRAMswhichappearedinthesecondhalfofthe1980S，amOngthe
processlngteClm0logies，theimportanCeOfthesophisticatedtechnologyconcemingthecapacitor22
andthe high－PreCision wafer－POlishing teclm0logy using CMP（to be described below）rose
discontinuously・Ofcourse，raPidprogresswasmadeintransistorminiaturizationaccordingto
Moore’sLaw．Atthattime，regardlessofthetypeSOfdevicessuchasMPUandDRAM，CMP
becamethe key teclmology・However，the DRAM－PrOCeSSlng teClmology fhced one special
situation．Thatis，eVenifatranSistorisminiaturized，thec坤aCitancerequiredbythecapacitor
whichisindispensableforstoringbinaryinformationhashardlychanged・Consequently，formass
produCtionof4MborlargerDRAMs，themoldingofthecapacitorhadbecomethemostdi伍cult
bottleneckforthe processing teChnology．In reality，in DRAMs nowadays，the capacitor has
becomeseveraltimeslargerandmoreCOmPlexthanthetranSistor・
Amidsuchatrend，thediscoveriesandinventionsinJapanandtheU．S．，Particularlythoseof
theprocesslngteClm010gymadebyHitachi，NECandIBM，aSWillbedescribedbelow，Playedan
importantroleatthetimeofmassproduCtion（TuIlgetal・（2003））・
Tbclm01ogyofmakinga3－dimensionalcapacitorstruCtureSuChas stack－tyPeand
trench－typeCaPaCitorstodramaticallyincreasethec叩aCitanCeOfacapacitor（bothby
Hitachi）19
Tbclm010gy of dramaticallylnCreaSlngthe capacitanCe Of a capacitor by uslng
tantalum0Xidized丘lm（TaOx）andBST（bariumStrOntiumtitanate）whichhaveahigh
pemittivity（byHitachiandMitsubishiElecbic，reSPeCtively）20
190neofthec坤aCitorsofthe3Dconstructionisastackedtypepiledonthetramsistor・An0theristhetrenchtype
thatditchesittothesubstrateofsilicon・MakingthecapacitorstruChrcthreedimensionswasintroducedinto
4MbDRAMforthe丘rsttime．
20ThedegreewherethematerialwheretheelectricchargeissaNediscalledahighdielectricsubstanCe，andthe
electricchargeissavediscalledarelativepermittivity・
22
HSG（HemispheriCalSiliconGrainS）21technologyofdramaticallyincreasingthe
StOrable capacitanCe by makingthe super丘cial area ofthe electric conductor
polysilicon（Si）22severaltimeslarger（byNEC）
CMP polishing technologyfor dramatiCallyflatteningthe wlrmglayerandthe
tranSistorlayer（byIBM）23
STI（Shallow廿enchIsolation），a deviceisolation teclm0logy（usingthe CMP
teclm0logy）ofreducingmutualinterferenceamongthedevicescompriSingatransistor
anddramaticallyenhancingthetranSistor’scontrollability仲yIBM）
TabIe3：Transitionin the Year oflntroduCtion of Key Process Technologies and Their Applied Co汀merCial DRAN Products
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Tbble3showswhenthesecriticalteclm01ogleSWereintroducedformassproductionof64Mb
DRAMsbytheJapaneSe，U．S．，SouthKoreanandEuropeanmanufhcturers．Inthistable，the丘rst
row showsthe above－mentioned m叫Or PrOCeSSlng teClmologleS andthe丘rstline showsthe
ParticularyearWheneachofthesetechnologleSWaSintroduced・Inthethreecolumnscorresponding
21WhenotherconditionsareassumedtobeCOnStant，anelectricchargethatthewiderthesurfhceareaOfthe
COnductoris，isthebiggercanbesaved．TheHSGteclm0logylSateClmologythatisruggedofthesuぬceofthe
COnductorandrapidlyenlargesthesur臨cearea．
22Thec坤aCitorisastruCturetOPlacetheinsulationmmbetweenconductors・Alotofgroupsoftheatomthat
queuesupregularlyinvariousspacings（CryStalgrainchild）existinthepolycrystallinethoughtheatomaligns
regularlymutuallyinslnglecrystal．
23Whenotherconditionsareassumedtobeconstant，anelectricchargethatthewiderthesurfhceareaofthe
COnductorlS，isthebiggercanbesaved・TheHSGtechnologylSateClm0logythatisruggedofthesurfhceofthe
COnductorandr叩idlyenlargesthesurfhcearea．
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toeachparticularteclm0logy，theuppercolumnindicatesthenameOftheteclm0logy，srevised
VerSion，theointhemiddleindicatesthetimewhentheteClm0logystartedtobeused，andthe
lowerindicatesthenameofthesemiconductormanufhcturerwhichintroducedthetechnology・
も・DelaylnmaSSprOductionofHSGtech血Ology
AsisshowninthesecondrowofTbble3，theHSGtechnologywasintroducedforfu11－SCale
mass production of64Mb DRAMsin1998byNEC whichwasthe丘rst developer ofthis
technology・Nevertheless，aSisshowninthe丘rstrow，themass－PrOduced64MbDRAMswith
textured24capacitors，WhichwereDRAMscloselyresemblingHGS，WereputOnthemarketby
MicronandMitsubishiElectricin1997andbySamSungin1998・However，ifcomparedbymeans
Of20，000xelectronicmicroscopephotographs，amOngthethreemanu払cturers，thetexturedshape
OftheDRAMsmanufacturedbyMicronwasthemost伝ne－fbaturedandclear－Cut・AIso，CaPaCitors
manufacturedbySamSung，tOO，thoughnotsogoodasthosemanufhcturedbyMiCrOn，WereOfa
Cleartexturedshape・Ontheotherhand，regardingcapaCitorsmanufacturedbyMitsubishiElectric，
thetexturedshape cannotbe discernedso clearlybymeanSOf20，000Xelectronicmicroscope
Photographs・ThesamethingcanbesaidregardingCaPaCitorsmanufhcturedbyNECinl996，tOO・
Therefore，in1998NEC，MicronandSamsungwerethethreemanufhcturerswhichappliedHSGto
massproductiontoaconsiderableextent．
RegardingthereasonwhyNEClagged（relatively）behindinHSGmassproduction，SOme
Publisheddatagivesusanimportanthint・NECappliedforaJ叩aneSePatentOnHSGin1989
（registeredin1996）andappliedforaU．S．patent（5366917）in1994（registeredin1994）．In
addition，theinitialHSG－relatedpresentationatIEDM，tOO，WaSmadebyNECin1990・However，
Micron坤PliedforaU・S・patentOntheHSG－relatedteclm01ogy（5037773）al1eadofNECin
January1990．Moreover，thepresentationatIEDM，tOO，WaSmadeatthesameSeSSionasNECin
Decemberl990・Ontop ofthat，inJuly1990before the presentation atIEDM，Micron also
PublishedanaCademicpaperonIEEEElectronDeviceLetter，inwhichitraisedtheabovepatentas
refbrenCeliterature．
TheHSG－relatedU・S・PatentaPPlicationandthepresentationatIEDMweremademainlyby
PierreFazan25（whoreceivedaPh．D．ofPhysicsfromtheSwissFederalInstituteofTbclm0logyin
Lausanneinl989）・Asitwasinl989thathejoinedMicron，boththepatentapplicationandthe
PreSentationoftheacademicpaperweremadeataneXCePtionallyhighspeed．Allofhisresearch
PaPerSbeforehejoinedMicronwereaboutthecapacitor，andtherewerethreepaperspublishedin
24ThecapacitoroftheHSG（hemisphericalgrain）struCtureiscalled一・Tbxtured・・，・一Tbxturing・・，”Rugged”，and
r’Modulatedstackedll（Tung，Shengandlhan（2003））．
25Dr・Fa祖nisaninventorofZRAM（Zero－CapacitorDRAM）thatisstealingthelimelightasanirnovative
memorytechnologycurrently．ReferenCeatIEEESpectrumJanuary2006issue“Winners＆Losers”，tOO．
24
magazineslikeSblid一助teElectnniain1987（fortwoofwhichhewasthefirstauthor）．26
Therefore，itcanbeeasilyimaginedthatFazanhimselfwasaneXCellentresearcheranddeveloper
atthattime．However，ifjudgedfromthefhctthathereceivedhisPh．D．in1989，itcanbekn0wn
byanalogythatatleastregardingHSqhewassti11inthestageofknowledgeutilizationbutnot
knowledgecreationin1990・27
Wellthen，howdidMicroncreateandutilizeHSG－relatedknowledge？Theprome ofthe
CO－authorsofFazan’sIEDM－relatedacademicpapersfrom1990to1995givesusananSWer（refer
toThble4）．Fromthistable，itcanbeinfbrredhowFazanandhiscolleaguesinMicroncarriedout
researchanddevelopmentalongwiththehigh－kmaterialexpertsfromtheAustinCampusofTbxas
UniversityandhowRAMResearchCorporation，aSemiconductorequipmentmanufhcturer，tOO，
WaSinvoIved．AIso，therewerethreepeoplewhojoinedMicronafterrecelVmgaPh．D．fromTbxas
University（asfhrasweknow）．AndmanyOftheengineerswhoparticipatedintheprqjectjoined
Micronaround1990．
Figure9：Number of US Patents Related to HSG Technologies by AppliCation Year
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FurthermOre，untilrecently，Micronhasregistered823U．S．patentsconcemingHSqanumber
OVerWhelmingotherHSG－relatedcompaniesinthesameindustry．Thatconditionisshownthrough
thetimeseriestrendaswell（refertoFigure9）．28WhatisinterestinginMicron，sHSG－related
26ItretrievesitwithScienceDirectetc．
27Atthattime，theLaus2LrneInstituteofTbchnologyinSwitzerlandwasresearchingtheleadingedgeconcernlng
thecapacitoraccordingtothespecialistinthisneld．Itdependson丘eldresearchtothem瑚OrSemiconductor
Chipmakerdesigner．
28ThepatentrelatedtoHSGofElpidaamdRenesasisonedigitlevel．Therefore，eVenifvariouspatentsarebeing
25
PatentSisthecharaCteristicsofthetoptenpatentinventors・TheywereinvoIvedin694patents
（84％ofthetotalpatents）butthreeofthemoriginallyworkedforIBM・Inaddition，fourother
MicronemployeeswhowereinvoIvedindevelopmentwithFazanbelongedtothetopten・Andthe
remainingthreeMicronemployees，tOO，attraCtedattentionfortheirjointpatentapplicationsand
jointpresentationofacademicpapersatIEDMwithIBMresearcherswhohadstrongassociations
WithMicron．SuchatrendcanbeseenalsofortheCMp－relatedpatentstobedealtwithinthenext
SeCtion．ThisglVeSuSaglimpseintothedeeprelationshipsbetweenMicronandIBM・
Then，What strategy did Samsung adopt？In ordertoknowthat，We made acomparison
throughthe number ofinventors（“number ofresearchers’’）collectedand addedwithoutany
overlapoveralltheyears・TheHnumberofresearChersMwasl26inMicron・Ontheotherhand，in
thecaseofSamSung，thenumberofU．S．patentswasll9，One－eighthofMiCrOn’S，butthe”number
ofresearchers”was186，reaChingl・5timesthatofMicron，S・29Therefore，inSamsungtheperson
withthelargestnumberofinventionpatentshad12patentswhilethatinMicronhadl40patents，
whichisasigli丘cantdi飴rence．Furthermore，SamSung’sapplicationforHSG－relatedU・S・Patent
（5134086）wasmadeinOctoberl991，Whichwasaveryearlystage・FromthesefhctswecanSee
the SamSung－Styled strategyto“promptly createandutilizeknowledgebymobilizing alarge
numberofresearchersanddeveloperS．”ThisisnotablealsoregardingCMPtobedealtwithinthe
nextsection．
Atthesametime，NEChad47U．S．patents（with“numberofresearChers”as32）andHitachi
had15U．S．patents（with“number ofresearchers’’as36），andthe HGS－related number of
HSG－relatedpatentsandHnurhberofresearchers，，ofbothmanufhcturerswereone－digitsmaller
thanthoseofMicronandSamsung．Ontheotherhand，HitachiappliedforanHSG－relatedU・S・
patent（5444302）inDecemberl993，OVerOneyearlaterthanSamsung・Inthisregard，thereisa
highpossibilitythatHitachi，sso－CalledNIH（Not－Invented－Here）Symdromemayhaveoccurred．30
Tbbefrank，ifthereissuchahugegapinthenumberofdevelopers，thereisalsoapossibilityfor
HitachiandNEC to have beeninferiorto Micronand SamSunginthe speed ofHSG mass
PrOduction．
Inaddition，NECreachedanagreementWithSamsungOn256MbDRAMcellsinFebruary
1994，and触herreachedanagreementonjointresearchofmanufhctureteclmologyinMarch1996
（湖kkeiKeizaiShimbundatedMarCh20，1996）．Asaresult，themutualexchangeOfresearchersand
developerswasimplementedalmostonceamonth．AIso，aCCOrdingtoMathewsandCho（1999），
P．137，jointresearchwasconductedinthesamewayregarding16Mb／SDRAMs，tOO・FurthermOre，
traLnSfbrredtobothcompaniesbyHitachiandNEC，theinfluencecanbealmostdisregarded・
29Therefore，thepersonwhosenumberofinventionpatentsismostinSamsungisl2・However，thepersonwhose
numberofinventionpatentsismostinMicronisl40・
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NECconcludedacontractwithMicrononsalesaJldproductiontie－uPSinthefirsthalfofthe1990s
andcarriedoutthemutualexchangeatthelevelofresearchersanddevelopers．Therefore，We
CannOtruleoutthepossibilityeitherthatcomparedtoothermanufhcturersinthesameindustry，
thesetie－uPSmayhaveacceleratedthespillovertoSamSungandMicronwhichboostedtheirstrong
PerSOnnclasdescribedintheabove．
C．DelayinthemassproductionofCMPtechnology
TheCMPteclm0logylSWellkn0wnaSateChnologywhichIBMhadkeptunderloCkandkey
sinCetheear1y1980S・IBM丘rstpresenteditsusefulmessatIEDMin1989・31IBMprovidedIntel
WiththispreciousCMPtechnologyin1987andgrantedacrosslicensetoMicroninl988．（Perry
（1998））．ACCOrdingtoIBM’shistoricalrecords，IBMstartedjointresearchanddevelopmentwith
MiCrOnCOnCemingthememoryinthesameyear・32ThisisalsoananeCdoteattestingthestrengthof
anaspirationfornationalunityamongU．S．semiconductormanufacturersundertheJapan－U．S．
agreementonsemiconductortrade，andMicron’Sfirstclasscapdbilitytoutilizeknowledge（tobe
describedbelow）．33
BeforetheCMPteclm010gywasintroduced，theflatteningteclm010gyrequlrlngCOnSiderable
dexterousskillswasindispensable（inparticular，Spin－OnGlass（SOG）andResist－Etchback（REB）
teclmologies）．However，WiththeintroductionofCMP，SuChskillsbecameunneCeSSary．Inaddition，
thefhctthatanidealflatnesscouldbeachievedthroughCMPbroughtaboutsigni丘CantadvantageS
to aspects otherthanmanufhcture．One ofthemis thatithadbecome possible to dividethe
PrOCeSSlngteChnologyintomoredetailedmodules．Asaresult，latitudeindesignandmanufhcture
WaSdramaticallyenhanCed（Sunami（2006））．
Inadditiontothat，nOtOnlydidthingslikeideasneededtorealizeaspecialloglCCircuitwith
fewertranSistorsbecomeincreaslnglyobvious，butitbecameeaSierforthemtobehatchedaswell．
AIso，aSitwaseasytotheorizetheinterdependencebetweenmodules，ithadbecomepossibleto
COnductmoreprecisesimulation．AsthataCCeleratesthespeedtoidentifyandsoIveproblemsand
leadtomorechancestoleamWithinacertainperiodoftime，aSareSult，itispossibletoenhanCe
31Moreover，WhenIBMbegantheR＆DoftheCMPteclm0logyintheearly1980－S，JapaneseresearcherinIBM，Dr・
Ogura（OguraSeiki，h・Omthefhcultyofscienceandengineering，WasedaUniversity）playedaleadingrole．This
informationcomesLi・OmDr．KoyanagiofTbhokuUniversitywhoinventedthestackcapacitorwhileservingCentral
ResearchLaboratory，HitachiLtd．）．Dr．Ogurareduceshotelectron（hot－electron）e斤bct（degradationphenomenon
Ofdisorderetc．ofthetranSistorthresholdthatthehotelectroncauses）indramaticfbrmandisfhmousastheperSOn
WhoinventedtheLDD（LightlyDopedDrain）technologythatimprovescontrollabilityofthetranSistor．LDDhas
beenintroducedfromlMbDRAMasanindispensabletechnology．
32Refbrtohttp：／／脚－03．ibm．com／ibmAlistorynlistoryケeaL1989．htmlandPerry（1998）．Ms．PerryisaCMP
developer OfformerIBM and has held a cruCialposition successively with Semiconductor Manufhcturing
Tbclm01ogyInstitute，Motorola，AppliedMaterials，andCabot，etc．afterwards（http：〟www．cabotcmp・COm／investor
news／10k．pdO．
33IBMappliedthisCMPtechnologytothemassproductionof4MbDRAMforthenrsttimeinthelatterhalfofthe
80．S．Theonethatconcemsthis4MbDRAMisincludedinoneoftheanalyticalreports（SemiconductorInsights）
usedbythispaper．
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theyieldthroughashorterleamingperiod．Inthisway，theintroductionofCMPbroughtabout
extensiveextemale飴cts．
Thefourthrowof「hble3shows eachmanufhcturer’s conditionofintroducingthe CMP
teChnologyformassproduction．Accordingtothistable，atleasttilltheendofthe1990S，With
Tbshiba’sallianCeWithIBMasaneXCeption，theJapanesemanufhcturersalldelayedintroducing
theCMPteclm0logy．Inreality，inthecaseofHitachi，aSWaSdescribedintheabove，CMPwasfirst
introducedforthepurposeofapplyingitto64MbDRAMsof1999intowhichavarietyofthe
latestteclm010gleSWereincorporated・430ntheotherhand，aSisshownbyThble3，aSaStart，
MicronappliedCMPtothewlrlnglayerofmassproduced64MbDRAMsof1997．Andin1998，it
appliedCMPalsotothetranSistorlayerformassproduction．Moreover，SamSungandtheJapaneSe
manufhcturersrealizedtheabove一mentioneddeviceisolationtechnologyofSTI（ShallowTrench
Isolation）（IBM）for256MborlargerDRAMs．34
Table7：Research CoIIaborationin CMP－Related Tech．by Given－＆Own－Name NatChingin US Patents
H it a c h i M ic ro n T e c h n o le g y
同 名 相 手 企 業 名
同 名
発 明
有 数
発 明 書 名
特 菖午
出 現
頻 度
同 名 相 手 企 業 名
同 名
発 明
者 著註
発 明 音 名
特 昔年
出 現
頻 度
T ex es
Instru m en ts
8
A SA N O ，ISA M U 3 2
IB M 6
BH A TT A c H A RY YA ，A RU P 18
EN O M O TO ．H lRO Y U KI4 FA R RA R ．P A U L A ＿ 7 2
K A ERIYA M A ；T O SH IYU Kl6 GIV EN S；JD H N H ＿ 4 0
N ISH IM U RA ，M tCH IO 7 J〇ST，M A RK E 2 1
SU KEG A W A ：SH U N IcH l2 N O B LE ，W ∈N D E LL P 1 16
TS U ；R O B ERT 5 PA N ．P A I－H U N G 3 8
Y A M A ZA K l，K A ZU O 3
lN T E L 3
D EN N ISO N こCH A R LE S H1 14
Y A SU D A ．M A SA Y U KI 2 LO W REY こTY LER A ＿ 6 4
T osh ib a 2 A B E；M A SA H IRO 6 SH A RA N ．SU J T 3 5
A O lくL H ID EO 17
M O T O R O LA 6
BR O W N ，N A TH A N R＿ 工
N E C 2
W A TA N A B EこK EN J 3 KIM ；SU N G c 7
Y O SH ZD A ；M A K O TO 18 KIR ScH ；H OW A RD C＿ 4
ヒb ara 1 W A TA N A B E，K EN J 4 M A N ZO N lE，A D A M 3
Sh in etsu 1 KO B A YA SH l；M A K O TO3 Y U ；C H RIS C 2 4
舌 甘丁 14 1 12 ZH U ．T H EO D O R E 13
N ヒ し；
T ex as
In stru m o nts
7
CH 0 ．cH ZH 」CH E N 10
T O SH IB A 3
HA M A M O 一〇．TA K EsH Ib KW O K ．SIA N G P ． 4
H AY A SH IこK A ZU H lKO 7 LAR SEN こJO D Y D 4
SE KIN E；M A K O TC〉 6 RIC H A RD SO N ．VV ILLJA M　F3
H IT A CH l 2
W A TA N A B EこK EN J 3 ＞lS O KA Y ．M A RK 7
Y O SH ZD A ，M A K O TO 18 W U ．ZH IQ IA N G 3 3
EB A R A 1 W A TA N A B EこK EN J 3 ZIEU N SK IこED EN 3
M IC R O N 1 D RY N A N ，JDH N M ． 12 N EC 1 D RY N A N ，JD H N M ． 12
SU M IT O M O 1 TA KA SH IM A こM A SA Y U KI3 R O D E L 1 M A N ZO N IE；A D A M 3
甘 言丁 8 57 c A B O T 1 YU ，CH R IS C． 16
S a m s u n g
A P P U E D 3
D O A N ．TR U N G 10
IN FIN E O N 2 KA N G ．W U U ‾lA G lI RO B IN SO N ．KA R L M ． ．
K王M こW O O SIK 2 TH A KU R こFtA N D H IR P ．S6 1
工　▼ 1 S＝M ；Jへl■引〇O N Z N U V ヒLLU l5 1 ▼　　 ．　 ．・▼　． Z
IN lヒL 1 LE E；JD N G JJV CIN 1 1 小　　　 ．　 ・▼ ∠ 一一　　　　 ▼ ・　‘．　 ▼　r ′
合 1日－ 4 2 1 含 t十 3 1 84 3
ThespeedofapplyingCMPtomassproductionlikethiscanbekn0wneVenfromthehuge
developmentrecoursesirjectedintoCMPbyMicron．Forexample，（untilrecently）thenumberof
CMP－relatedpatentsregisteredbyMicron（3133）roseby50％abovethe2，030patentsheldby
34theachievementofSTIthatusesCMPbyIBMis16MbDRAM・
28
IBM，the bi地place ofthe CMP teclm0logy．AIso，Whatisinterestingforknowing howthis
manufhcturerhasbeenutilizingknowledgeisthatamOngMicron’stopteninventorsrelatedtoCMn
actuallysevenwereestimatedtohavecomefromotherU．S．andEurOPeanmanufhcturers（suchas
IBM，Philips，Intel，MostekandKodak）．35Furthermore，tWOMicronemployeesamongthetopten，
WhowerereasonedbyanalogytohavenoworkexperienceatothermanufhCturerS匝0thofthem
receivedaPh．D．fromStateUniversityofOhio），丘equentlycarriedoutjointinventionsandjoint
researchwith0therdevelopersofthetoptenandthosewhocamefromIBMandMotorolaor
AppliedMaterialS・Suchasituationcanbemorevividlycon丘medinThble7・36
FigurelO：Number of CNP－Related“Researchers”（Rl）by Original AppJication Year
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Ofcourse，（inboththepriorandretroactive sense）asaCOmParisonofthe researchand
developmentcapability，COmParingbyusingthenumberofpatentshasabias．Thisisbecausein
many cases，therewillbeagreatdi飴renceinthenumberofco－inventorsperpatentandthe
numberofclaimsdependingonacompany’spolicy．FigurelOtakesaccountOfsuchabiasand
ShowsthechangeOfeachmanufhcturerbyuslng，insteadofthenumberofpatents，thenumberof
inventors（referredtoasthe“numberofresearChers”）withoutanyoverlapineachyear．According
tothis丘gure，the”numberofresearchers”ofMicronisnearlyhalfofIBM’sbutexceptforIBM，
35Thefhcttowhichthepatentwasregisteredbythesesemiconductorchipmakershasbeenusedbeforcinventors
COncernedregisteredthepatentinMicron．Inaddition，didtheutilizationoftheIntemetinformation・
36Firstofall，theinventorsofthepatentrelatedtoCMPofeachcompanywerespecinedformakingthistable・Next，
theinVentorsoftheothercompanies（0thersemiconductorchipmakersandequipmentmakersandrawmaterial
makers）aswhichnamewasthe sameweremadetomatchthemwiththem．Thedisorderofthewordingby
nicknameandthemiddlename，etc．WaSaVOidedbymakingthedictionaryasmuchaspossible．However，nOtethat
errorsarestil1included．
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Micron always occupiedthe top positioninthe1990S．Investigation ofMicron血oughthe
“nuniberofresearchers，，isnotable．37
AmongtheJapaneSemanufhcturers，TbshibawhichformedanallianCeWithIBMintheearly
1990shadalarge“numberofresearChers．”However，arOundthelate1990S，Hitachi，tOO，Putin
battleformationits researchforce which wasinno wayinfbrior to Tbshiba．Samsung，tOO，
increasedits NnumberofresearchersMrelatedtoCMPfrom19960nWardandin2002itcameto
boastaresearchforcewhichwassecondonlytoIBM．WhatconstitutedacontrasttothisisNEC．
Inparticular，from19980nWardwhenNECwassurpassedbySamsungintermSOfthe“numberof
researChers，”its‘‘numberofresearchers”wasconsiderablysmallifcomparedtothelevelofother
manufhcturersinthesameindustry．Moreover，thenumberdidnotincreaseevena允erthatand
tumedtodeclinea食erreachingthepeakin1998．
NEC，slowlevelofdevelopmentresourcesismoreclearlyreflectedthroughthedi飴rencein
the“numberofresearchers”withoutanyOVerlapcausedbythecarryovertothenextyear，aSWaS
de丘ned above．In reality，NEC’s CMp－related patents numbered729butthe“number of
researChers”was463．Ontheotherhand，Samsung’spatentsnumberedl，019andthe“numberof
researChers”wasl，017，mOrethantWO timesthatofNEC．Inthe case ofHitachi，its patents
numbered606，fbwerthanNEC，butthe“nuniberofresearChers’’was925，almostthe same aS
Samsung・TheinterestingfhctisthatNEC，Sバnumberofresearchers叩wasalmostthesameaS485，
the“numberofresearChers”ofMicronwhichboastedtwiceasmanypatentsasNEC．Therefore，
COmParedtoothermanufhcturers，thesameresearchersanddevelopersinMicronappliedfora
largenumberofpatentseachyear．Micron’sstanceofgivingmorepri0ritytoutilizationthantO
Creationofknowledgewashigh1ightedhere，tOO．Ofcourse，Microncompensatedforsuchalow
levelofthe‘bumberofresearchers”throughjointinventionsandjointresearChanddevelopment
with0thermanufhcturers，researchersanddevelopers・38hdleCaSeOfNEC，atleastas蝕rasIEDM
papersandJapaneSeandU．S．patentsareconcerned，itshowedastrongtendencytodoeverything
onitsownforbothresearChanddevelopment．ThisisthoughttohavebeentheCOmibutingfhctor
tolimitNEC’sspeedofmassproductionalongwithitsdelayintheintroductionoftheCMP
teclm0logy．
37When・rNumberofreseaqchers・・isused，anOVerWhelmingdi飴rencebetweenMicronandtheothercompaniesof
Patentnumbersthatareonedigitmorethantheothercompaniesislost．InMicron，alotofR＆DpeOplchavebeen
overwhelminglyputtingoutalotofpatentscomparedwiththeothercompanies・ForinstELnCe，thereareeightpeOPle
WhohaveputoutthepatentrelatedtolOOCMPormoreinMicron．Howevcr，SuChoneinventorisinIBM・
38WhenlrNumbcrofresearchers・・isused，amOVerWhelmingdi蝕rencebctwcenMicronandtheothercompaniesof
patentnumbersthata陀Onedigitmorethantheothercompaniesislost．InMicron，alotofR＆DpeOPlehavebeen
overwhelminglyputtingoutalotofpatentscomparedwiththeothercompanies．ForinstanCC，thereareeightpeOPle
Whohaveputoutthepatentrelatedtol00CMPormoreinMicron．However，SuChoneinventorisinIBM・For
instanCe，a tOPlnVentOr Ofa related patent ofthe entire DRAM，CMlland HSGis Mr・Leonard Fotbes
OBM→HP→UniversityofOregon）inMicron．ThepatentrelatedtoDRAMtowhichheorshewhomakesMicron
apatenteeisrelatedreachesabout450．Moreover，highーrankingteninventors’addressesarealsovariegatedwithNY
State，Oregonstatc，andCalifomiastate，etc・foralongterm・
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D・恥chnelogicalDominanceor恥ntalumOxideFih恥chnologyhyHitachi39
AsisshowedbyThble3，Hitachiwasthe丘rstmanufhcturertousethetantalum0Ⅹide丘lm
acidascapacitorinsulating丘lmin1999・Afterthat，forashortwhileHitachiboastedanadvantage
Whichallowedalmostnoothermanu血cturerstofollowsuit．Inreality，nOWadaysthetantalum
0XidefilmandHSGarethecriticalteclmologiesunderpinningthecompetitiveedgeofEIpida，the
OnlyDRAMspecializedmanufhcturerinJapanjointlyestdblishedbyHitachiandNEC．SamSunglS
SaidtohaveundergonehardshipsinmakingfulluseofthetantalumOXide丘lm．Forthatreason，for
themostadvanCed512MborlargerDRAMs，Samsung，aheadoftheothermanufhcturersinthe
Sameindusby，turnedstraightforwardlyfromthetantalum伝lmandsiliconnitride丘1mwhichwere
astandardprocessingteclmologytothehahium－Seriescapacitorinsulating丘lm（A1203－HfO2）40
forwhichALD（AtomicLayerDeposition）wasused（Hashimoto（2004））．
Ateclm010gicaladvantageOfHitachiremarkablyappearstothenumberofpatentsrelatedto
thecapacitorinsulationthatincludeonesrelatedtotantalum0XidedielectricmmandMnumberof
researchers’’（＝numberofinventorswhosenamesdonotoverlapovertheentireyearS）．Certainly，
thenumberofthosepatentsbyMiCrOnis649，andexceedsl680fHitachi．However，”thenumber
Ofresearchers’10fHitachigoes up to as many as311people，incontrasttothel．number of
researchers’’1480fMiCrOn・Ontheotherhand，SamSung’snumberofthosepatentsis84，andthe
“thenumberofresearchers”isllOpeople・AboutNEC（NECElectronicsisincluded），therearell6
PatentSand78．’researchers・．一These fhctsindiCatethe teclmological superiorityof Hitachi
COnCerningthehigh－k丘1m．
5．SummaりrandImPlicatioms
Inthescience－basedindustries，thecomplexityofteclmologyandthemarketinCreaSeSr坤idly．
People who create the scienceknowledgeand ones who useittend to specializeinandbe
inevitablydividedintoeacharea・ThispaperespeciallyanalyzedthesemiconductorindustryamOng
SuChscience－basedindustries・And，byanalyzingtheupsanddownSPrOCeSSintheDRAMbusiness
OfJapanChipmakers，itwaspointedoutthatthecompetitivenessofthisindustrycruCiallydepended
Onthesuccessorfhilureoforganizationalinnovationwithinorbeyondcorporateboundariesthat
39Herewedonotdealwithtrenchcapacitortechnology・Thisisrelatedtothefollowlngalittlebitcomplicated
Situation・Thetrench－typeCaPaCitorwasadoptedfor4MborlargerDRAMsonlybyIBM，TbshibaandSiemens．
Moreoveちintheearly1990sthesethreemanufhcturesonceformedacloseallianCe，WiththeCMPtechnology
appliedtoIBM’S4MbDRAMsatthecoreinparticulaちanddevelopedandmass－PrOduced64MbDRAMs（IBM
and Siemens）and256Mb DRAMs（IBMand Tbshiba）・Asarenection ofthis，the electronic microscope
photographsoftheSiemens－manufhcturedDRAMin1995whichweexaminedboreIBM，smark，aJldthatofthe
Tbshiba一manufhcturedDRAMin1996boreTbshiba’smarkandthemarksofIBMandSiemens．Therefore，there
WaSalmostnodi飴renceintheprocesslngteClm01ogyintroducedintomass－PrOducedDRAMsamOngJ坤an，the
U・S・aLndGemlany・However，WhatSiemens（itsDRAMcompanyWaSInfenionandiscurrentIycal1edQuimonda）
didoneyearearlierisconsideredtohavereflectedthe蝕Ctthatitstartedtoformanal1iancewithIBMearlierthan
Tbshiba．
40Thehigh－kinsulationmmwiththestratinedstruCtureOfhahiumoxide（HfO2）andaluminumoxide（A1203）has
anelectrostaticcapacibTthatishigherthanthetantalum0XidedielectriC．
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COuld organicallytie togetherthose twokinds ofpeople specializedinknowledge creationor
utilization．
TheJapaneSe Semiconductorindustry rapidly droppedthe sharethoughstillretainedthe
advantageinR＆Daftertheunexpectedcoll坤SeOftheDRAMpriceoccurredin96．Oneofthose
CauSeSincludestheinsufnciencyofintra一丘rm”synchronizationininformation●’amOngdivisionsof
R＆D，manufhcturing，marketing，andsales，etc．Moreover，SuChalimitationsymbolicallyappearS
tothefhctthatmanyOfJapaneSeSemiconductorchipmakersmisreadthedrasticallychanglngPhase
thatthecapacityofDRAMthathasquadruPledupto64MbcametObeduplicatedaRerthat．In
addition，thepopularbeliefoftheR＆Dpeoplein”Earlymass－PrOducedgoodssellevenifthechip
areaWaSalittlelargel’existedstronglyinthebackdropofsuchmisreading．Itisbecausetheactual
feelingofmafketingandsalesdivisionswasnoteasilytranSmittedtotheR＆Ddivision．
Suchinsufnciency ofintra一丘m synchronization was causedbetweenvarious divisions of
R＆D，marketing，Sales，andmanufhcturing．Actually，forexamPle，theimportanCeOfreducingWIP
（WorkinProcess）andshorteningcycletimehasrisenrapidlyintheDRAMmafketinthelatterhalf
Ofthe90－S．However，alotofJapaneSeSemiconductorchipmakerskeptpersistinglnaCOnVentional
PuShtype production methodupto the end ofthe90’S．The slowdownOfthe costreduction
motivationbyhaving keptretaininga conventionalstandardfullCOStingmethod also strongly
a飴cted such a situation・The weakening competitiveness of such a production system has
decreasedecranteandαPOStneXibilityinthebusinessmanagement．Itbecameevenacausethat
theadvarrtageonR＆Datthattimedoesnote飴Ctivelyleadtotheincreaseofthecompetitiveness
intheproductsmarket．
TheslowdownOfthespeedfromdevelopmenttomassproductioninJapaneSeSemiconductor
Chipmakers had been strongly restricted also bythe complexitysptJrt Ofprocessand design
teclm01ogiesthathadbeensymbolicallyshownin64MbDRAM．Itisbecausethecomplexityspu止
OfthesetechnologleSmadeitconsiderablydi伍culttopromptlyintegrate，Withineachchipmaker，
thoseteclmologiesindispensableformass－PrOduction．Tbclarifythispoint，thispaperexaminedin
detailwhenandby whichchipmakerimportantPrOCeSSteClm010gieslike HSq CMnandthe
tantalumOXide（dielectriC）film，etc．aPPliedforthe丘rsttimetothemassproductionof64Mb
DRAM．Itwasalsocon蝕medthatMicronandSamSunghadsurpassedevenHitachiatthemass
productionspeedwhowastheleaderoftheknowledgecreationtype．
MicronexecutedintimatejointR＆DwithIBMoveralongperiodoftime，andprocured
excellentskilledR＆D englneerSfromthe outside．In otherwords，it excelledin”Tbclmology
marketing’’evenatthattime．Inaddition，alargeamOuntOfR＆DhumanreSOurCeSWerettmedon
aboutHSGandCMRSamSungPOSitivelyrecruitedtop－Classpersonnelwhoretumedhomefrom
U・S・，andtumedontheR＆DhumanreSOurCeS OfanOVerWhelmingnumberthatconsiderably
exceededMicronforHSGandCMPlOntheotherhand，HitachiandNEC．stendenciestostickto
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theprocurementofhumanreSOurCeSWithineachcompanywerestrong．TheinputtoHSGandCMP
OftheR＆DhumanreSOurCeSWaSalso血rfewerthanthatofMicronandSamsung．Additionally，
theintroduction ofCMP teclmology was considerably delayedinbothJapaneSe Chipmakers
COmParedwithMicron．Asaresult，themassproductionutilizationofkeyprocessteclm010gies
inventedbythemselveswasdelayed．Inaddition，theR＆Dhumanresourceshadbeenconsiderably
insufncientforallofHSqCMnandthetantalumoxide丘lmteclm0logyinNECsincethelatter
halfofthe90’S．MiCrOnandSamSung，however，WerenOtabletocatchup，forseveralyears，the
tantalum0Xide丘lmteclm0logyinventedbyHitachiduetothedifncultyofphysicalphenomenon
invoIvedinthistechnology．Hitachididitsmassproductionapplicationin1999．Thisteclmology
hasbeenalsooneofthekeyteclm010giesofpresentElpidatogetherwiththeHSGteclm010gy
inventedbyNEC．
Now，the semiconductorindustrythat has rapidly promoted miniaturization according to
Moore’sLawhasbeenfhcingthedi伍cultproblemofrespondingtoarapidlydiversifiedpotential
demandbymakinggooduseofvariouscomplexprocessanddesigntechnologleS．Themaincause
ofthedi伍cultycomesfromthephenomenonof”DemandHiddennessH41thathasbeenbecoming
r叩idly remarkable．Moreover，SuCh a difncultyisincreasingfurthermOre because ofthe
diversification ofpeople．s preferencesandthe globalizationofsemiconductormarkets．Inthe
Situationwithremarkable DemandHiddenness，chipmakers have to attempt a continuousand
frequent synchronizationininformationamOng nOt Only between ofsuppliers and users but
SuPPliersanduserSlusersormore．Inaddition，thedevicelikeASSP（ApplicationSpeci丘cStandard
Product）andthedevicelikeFPGA（FieldProgrammableGateArray）increaseinimport2LnCeinthe
SemiconductormarketaRer2000．ASSPcanlagthedecisionuptoimmediatelybeforeactualizing
users’demand，WhileFPGAcanbesuppliedatonceafterpotentialdemandisactualized．Inaword，
thedemandfbrvarioussemiconductordevicesthathaveexanteandexpostflexibilityincreases
rapidly．
Insuchasituation，manyOfJapanesesemiconductorchipmakersstillcannotbelongtothe
leadinggroupintheSOC（SystemOnChip）marketsaReritwithdrewfromtheDRAMbusiness・
Thedelaylnintra－andinter一五msymChronizationininformation，thespeedofcolhborativescience
knowledge creationinvariousresearchconsortiainJapan，andthespeedofresponsetousers’
demandallovertheworld．ThesefhctorsthatinevitablyinduCedthedeclineoftheDRAMbusiness
inJapaneseChipmakershavebeenblockedstillgreatly．
41supplierscannotleamtheutilityofitsownVariousproductsbyhimself；whileusersdonotleamthemsclves
Wantingitbythemselveseither．Suchaphenomenoniscal1edDemandHiddenness・
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